Disseminated Intravascular Coagulation and Red Cell Fragmentation It is generally recognized that massive intravascular hemolysis, such as follows the transfusion of mismatched blood, may precipitate intravascular coagulation (McKay 1965) . It is less appreciated that intravascular coagulation may cause intravascular hLemolysis and that this hxmolysis is commonly accompanied by the appearance of distorted and fragmented red cells in the peripheral blood. The blood film shown in Fig 1 was prepared from a 28-year-old woman three days after an acute episode of defibrination due to abruptio placentme at a time when the clotting factors, but not the platelet count, had returned to normal levels.
Similar red cell fragments are seen in patients with impaired renal function and uraemia has been suggested as a caisative factor (Aherne 1957) . However, in a study of such patients it was noted that the degree offragmentation correlated poorly with the height of the blood urea. The most marked fragmentation was associated with a renal microangiopathy manifested by fibrinoid necrosis of arterioles, necrotizing arteritis, and the presence of intraluminal hyaline thrombi in arterioles or capillaries (Brain et al. 1962 ). These findings led to the suggestion that red cells were damaged on passage through diseased small blood vessels and that fragmentation and hxemoglobinemia result from this damage.
Intraluminal 'hyaline' thrombi, a feature of a renal microangiopathy, have been shown by a variety of techniques to be composed of platelets and fibrin. The finding of such deposits is, therefore, strong evidence that intravascular coagulation has taken place.
In a series of experiments where this type of vessel damage was produced in experimental animals by causing intravascular coagulation, the extent of these thrombi correlated closely with the degree of intravascular haemolysis. This associa- x 700 tion was present regardless of whether the intravascular coagulation had been provoked by endotoxin (Brain & Hourihane 1967) , thrombin infusion or purified snake venom (Arvin) ). In all these experiments the animals showing the most marked and persistent hwmoglobinwmia developed red cell fragmentation (Fig 2) .
The snake venom experiments provided further evidence of the close association between intravascular fibrin deposition and red cell fragmentation. The injection of the venom caused rapid defibrination and an episode of intravascular haemolysis that was transient, because the intravascular fibrin deposits underwent rapid lysis. When, however, fibrinolysis was inhibited the persistent fibrin deposits resulted in prolonged heemoglobineemia and the appearance of fragmented red cells in the peripheral blood ).
Mechanism ofFibrin-induced Red Cell Damage
Although the in vivo experiments implicated fibrin in the hmemolysis and red cell fragmentation which followed disseminated intravascular coagulation, the exact mechanism of red cell damage was still obscure. The formation of haemoglobin-containing fragments suggested that the red cells had sustained localized damage with resealing of the undamaged membrane. Such damage must have been mediated by an agent with physical dimensions that were small relative to the size of a red cell: fine fibrin strands possessed the necessary physical characteristics. Clusters of fibrin strands with attached red cells were recovered from the circulation of rabbits in whom rapid defibrination had occurred in the presence of fibrinolytic inhibitors, and similar red cell fibrin thrombi were observed attached to the endothelium of blood vessels (Fig 3) .
Production ofHa?moglobinacmia and Red Cell Fragmentation in vitro A simple circuit was constructed around which blood could be pumped whilst a fibrin thrombus was in the process of formation (Fig 4) . This permitted the degree of hemoglobinemia and red' cell fragmentation to be measured and correlated with the structure of the fibrin thrombus and the speed of blood flow ). Five millilitres of platelet-poor blood was pumped by a peristaltic pump around the circuit, constructed of silicone rubber tubing, and into which was inserted a stainless steel Millipore filter disc containing 3,000 0-1 mm diameter holes. Fine polythene catheters placed in the circuit permitted the addition of thrombin or snake venom, the removal of blood samples and the measurement of pressure across the filter disc. Coagulation was slowly initiated by introducing small amounts of thrombin or snake venom into the circuit. The resulting fibrin strands built up on the downstream side of the perforated steel disc and brought about a rise in pressure in the circuit as the clot formed. By controlling the rate of build up of thrombus, the pressure to which the blood was exposed was maintained within physiological limits. The passage of blood through these fibrin clots resulted in hamoglobinmmia and red cell fragmentation ). The clots, so formed, were fixed by substitution of an isotonic salt solution containing 0 25 % gluteraldehyde for the blood in the circuit. Stained sections of the clots enabled the process of clot formation and red cell fragmentation to be correlated.
The clots consisted of two components: dense, relatively amorphous columns of fibrin, and large numbers of very fine fibrin strands attached to the thick fibrin columns (Fig 5) . Red cells in various stages of hemolysis could be seen in the heavy fibrin columns, indicating that the dense, amorphous material was partially composed of red cell stroma. However, the fine fibrin strands appeared to be the components responsible for the red cell fragmentation, as many individual red cells were attached to or folded over single fibrin strands. The distortion of the normal discoid shape of the red cell by a fibrin strand brought the red cell membrane into apposition along the line of folding, and thus facilitated membrane sealing and the retention of hemoglobin in those fragments torn free (Fig 6) . The fine fibrin strands with attached and arrested red cells were only observed when the clot was fixed while fibrin polymerization was occurring. It seems probable that these strands and their attached red cells were being constantly incorporated into the denser fibrin columns, thus accounting for the partially hoemolysed red cells in these structures. When fibrinolysis was brought about by the addition of streptokinase, the fine fibrin strands disappeared within two minutes, and only the denser columns of fibrin remained. The delicate nature of the fine fibrin strands and their susceptibility to fibrinolysis may well explain why this component of a fibrin thrombus is so rarely seen in the blood vessels of patients dying with intravascular coagulation. The interval between death and tissue fixation would permit partial fibrinolysis to take place, and leave only the dense, amorphous material which because of its staining characteristics is commonly described as fibrinoid, although it is almost certainly fibrin (Lendrum et al. 1962) .
In experimental animals, however, inhibition of fibrinolysis and rapid fixation preserves these fine fibrin strands (Fig 3) . Margaretten et al. (1967) have also demonstrated fine fibrin strands, by electron microscopy, throughout the vasculature of animals infused with thrombin. It seems very likely that similar fine fibrin strands are an important component of the fibrin thrombi which accompany intravascular coagulation in human disease. Very occasionally even routine postportem tissue may demonstrate them: a section of the brain from a patient with thrombocytopenia and red cell fragmentation following a tuberculous septicemia clearly shows a network of fibrin strands partially occluding an arteriole (Fig 7) .
Summary and Conclusions
Intravascular coagulation can result in red cell fragmentation and hemoglobinmmia. The fragmentation is thought to occur when a rapidly moving red cell encounters a thin fibrin strand. The red cell becomes attached to or folded about the strand. The effect of this on the red cell depends on the continuation of fibrin polymerization, the position in which the red cell is arrested, the resilience of the cell and the trauma sustained. 
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A cell firmly attached to, or held in a folded position around, a fibrin strand is subjected to buffeting from unattached red cells and hence to forces which may tear the membrane. If the tear takes place along the line of the fold at the site of membrane apposition, two symmetrical or asymmetrical hxmoglobin-containing fragments will form with loss of little, if any, hemoglobin. Tears at other sites in the membrane will result in partial loss of hemoglobin, and the formation of irregularly shaped fragments ). The fine fibrin strands capable of causing red cell fragmentation are an integral part of fibrin clots forming in a moving blood stream in vitro. It seems probable that such fine fibrin strands are a frequent, if not invariable, feature of the fibrin deposits which form during intravascular coagulation in vivo. Their presence is dependent on the rate of fibrin polymerization exceeding the rate of fibrinolysis, and the rapidity with which the pressure of continued blood flow moulds these delicate and highly adhesive structures into denser, more amorphous portions of the clot. The delay in fixation of human tissues probably accounts for the infrequent presenqe of identifiable fine fibrin strands in human material, although they are a constant and readily reproducible feature of disseminated intravascular coagulation in animals, and in in vitro models. Fibrin deposits have been demonstrated in the glomeruli in various forms of human and experimental nephritis. The present investigations were performed in an attempt to demonstrate whether heparin, dicumarol or urokinase was able to prevent or cure experimental nephritis in mice.
Two different methods of inducing experimental nephritis in the mouse were employed, the
